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I. Introduction
In recent years, devices using high-intensi-
ty ultrasound waves have become widespread 
in medical and industrial fields. For example, 
HIFU1–2) or an ultrasound cleaner is a device that 
emits high-intensity ultrasound waves. In order 
to evaluate the performance of these devices, it 
is necessary to measure the sound field by using 
a hydrophone. However, when a high-intensity 
sound field is measured by using a commercially 
available hydrophone, the surface electrode and 
the piezoelectric element of the hydrophone are 
damaged by the high sound pressure of ultrasound 
waves and acoustic cavitation3). For this reason, 
it has been difficult to measure the high-inten-
sity sound field with generation of acoustic 
cavitation occurs by a conventional hydrophone. 
Therefore, our laboratory has been developing a 
hydrophone that is tough enough to prevent dam-
age even when measuring the high-intensity sound 
field with generation of cavitation bubbles5–20). In 
this study, we investigated the effect of acoustic 
cavitation behavior on two types of tough hydro-
phones with cylindrical shaped front plate or coni-
cal shaped front plate by using a high-speed video 
camera and a laser sheet for PIV (Particle Image 
Velocitometry).
II. Tough hydrophone 
As shown in Figure 1, there are two types of 
tough hydrophones that our laboratory is currently 
developing. One of which is a tough hydrophone 
with a front-cylindrical back-convex shaped front 
plate (hereinafter referred as a cylindrical front 
plate hydrophone). The other is a tough hydro-
phone with a front-conical back-cap shaped front 
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plate (hereinafter referred as a conical front plate 
hydrophone). The cylindrical front plate has a di-
ameter of 4 mm, thickness of 3 mm between front 
and back surfaces. PZT polycrystalline thick film 
was hydrothermally deposited on the back surface 
of the front plate. The back surface of the PZT 
polycrystalline thick film and the titanium backing 
were bonded by applying a conductive adhesive. 
The conical front plate has tapered shape toward 
the tip, maximum diameter of 4 mm and tip diam-
eter of 1 mm.
Figures 2 and 3 shows the measuring system 
for the frequency characteristics of the receiving 
sensitivity and the ultrasound cleaner used for the 
durability test. 
A voltage of 350 V was applied to the ultra-
sound probe from the function generator via power 
amplifier with a gain of 50 dB. Ultrasound waves 
emitted from the ultrasound probe were received 
by a hydrophone, and the output voltage of the 
hydrophone was observed with an oscilloscope. 
The output voltage was converted to the receiving 
sensitivity by the comparative calibration method, 
and HNR-1000 (manufactured by ONDA) was 
used as the reference hydrophone for calibration. 
The receiving sensitivity was measured from 
1MHz to 10 MHz (0.5 MHzStep). The tough hy-
drophones under test were exposed to high inten-
sity ultrasound field which was formed by ultra-
sound cleaner (HCL-280A; Honda Electronics). 
The ultrasound cleaner was driven at 22 kHz and 
the maximum output power was 48 W.
The durability test conducted in our laborato-
ry. We confirmed that the frequency characteris-
tics of the receiving sensitivity of the two types of 
hydrophones did not changed remarkably even 
when exposed to high-intensity ultrasound field 
for total exposure time of 60 hours. However, 
scratches occurred on the front surface of the cy-
lindrical front plate hydrophone from 25 hours 
after starting exposure, and the scratches on the 
surface increased with increase of the exposure 
time. In the case of the conical front plate hydro-
phone, damage due to acoustic cavitation was fi-
nally confirmed after 60 hours exposure. Figure 4 
Fig. 1 Structure of tough hydrophone (upside; 
cylindrical type, downside; conical type)
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Fig. 3 Photograph of ultrasound cleaner used 
in this stud
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Fig. 2 Block diagram of the measurement system 
for frequency characteristics of receiving 
sensitivity of the hydrophone
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shows the appearance of the two types of front 
plate surfaces after exposure to the high-intensity 
ultrasound field of the ultrasound cleaner for 60 
hour.
III. Observation of acoustic cavitation 
behavior21–23) 
The acoustic cavitation cloud continued to ad-
here to the sound receiving surface of the cylindri-
cal front plate hydrophone and continued to exist 
on the connected position between the front plate 
and the outer sheath from the initial stage of the 
observation (Figure 5)
The cavitation bubble clouds were adhered on 
the tip of the conical front plate hydrophone in the 
initial stage of observation, however the cavitation 
cloud on the tip was collided with another cavi-
tation bubble cloud at about 5 minutes after start 
of observation. When we continued to observe 
the remainded cavitation bubble at the tip of the 
hydrophone, the another cavitation bubbles were 
collided again with the remainded cavitation bub-
bles. However, it was confirmed that the collided 
cavitation bubbles that flowed upward along the 
side surface of the front plate without adhering to 
the hydrophone as shown is Figure 6. 
Figure 7 shows the output waveform from the 
Fig. 4 Photographs of front plate surfaces (left; 
cylindrical type, right; conical type)
0 ms 5 ms 10 ms
Fig. 5 Photographs of acoustic cavitation 
behavior around the tip of cylindrical 
front plate hydrophone
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Fig. 7 Output waveform from conical front 
plate hydrophone. (upside; no adhering 
cavitation bubble. downside; adhering 
cavitation bubble.)
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Fig. 6 Photographs of acoustic cavitation 
behavior at and near tip of conical 
front plate hydrophone
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hydrophone at that time. When no cavitation bub-
bles were attached to the hydrophone, spike-like 
waveforms of about 10 mV were measured. At the 
moment when the cavitation bubble adhered, it 
was noticed that these spike-like waveforms had 
increased to about 20 mV.  It was found that the 
output waveform of the hydrophone changed due 
to the cavitation bubble behavior.
IV. Conclusions 
We have shown that the receiving sensitivi-
ties of our fabricated tough hydrophones having 
cylindrical shaped front plate and having conical 
shaped front plate did not change significant-
ly when exposed to a high-intensity sound field 
with generation of acoustic cavitation. However, 
the scratches produced on the front plate surface 
showed a different appearance between both type 
of hydrophones. Therefore, an observation exper-
iment using a high-speed video camera was per-
formed. According to the received waveform in 
Figure 4, if cavitation bubbles are attached on the 
hydrophone tips, it is considering that the attached 
cavitation bubbles vibrate due to the irradiated 
ultrasound waves, causing damage to the hydro-
phone due to acoustic cavitation.
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